A total of 50 Finnish bathing water samples and 34 sewage effluent samples originating from 17 locations were studied in the summers of 2006 and 2007. Campylobacter were present in 58% and adenoviruses in 12% of all bathing water samples; 53% of all sewage effluent samples were positive for Campylobacter spp. and 59% for adenoviruses. C. jejuni was the most common Campylobacter species found and human adenovirus serotype 41 was the most common identified adenovirus type.
INTRODUCTION
Faecal pathogenic bacteria, viruses and protozoa occurring in surface waters can pose a risk to public health, not only because surface waters are widely used in the production of drinking water but also because they are used for recreational purposes, such as swimming and diving. Many pathogens known to be able to cause gastrointestinal illness are found in surface waters and recreation has been associated with waterborne infections all around the world (Pond ) .
Finland is uniquely rich in surface water, with its 10,000 lakes and ponds and rivers stretching over 20,000 km. Finnish surface waters are typically shallow and contain considerable amounts of humus. Because of their shallow depth, low discharges of rivers and rather cold climate with a long period of ice cover, surface waters are vulnerable to pollution. The Baltic Sea is also vulnerable to microbial pollution because of its shallowness and because it is really a closed, brackish basin (Finnish Environment Institute ).
Campylobacter species have been found commonly in many surface waters (Martikainen et Not only untreated but also treated sewage is an important source of faecal contamination deteriorating the microbiological quality of natural waters around the world.
Sewage treatment plants are usually intended to remove nutrients, such as phosphorus and nitrogen, and organic compounds but the removal of microbes is not considered as being so important (Koivunen et al. ) . In Finland, microbiological quality of sewage effluent is not controlled after purification of municipal sewage (Anonymous ). In this study, the occurrence and contamination levels of Campylobacter spp. and adenoviruses in Finnish bathing waters and sewage effluents were investigated. The aim was to gather information about the possible role of sewage treatment plants in bathing water contamination in Finland. We also tested the functionality of indicator bacteria (E. coli and intestinal enterococci) listed in the bathing water directive (European Union ) to be able to predict the presence of Campylobacter and adenoviruses in Finnish bathing sites.
MATERIALS AND METHODS

Sampling and study locations
A total of 50 bathing water samples and 34 sewage effluent samples were collected at 17 different locations scattered around Central and Southern Finland (Figure 1 ). The sampling locations were selected randomly, and the Geographic Information System was utilized in order to determine the distance between bathing site and the nearest sewage discharge site in the same drainage basin. Type of beach and distance between bathing site and sewage discharge site in a straight line is shown in the 2007 (8, 13, 16 and 17) . In total, 51 bathing water isolates and 51 sewage effluent isolates were studied with PFGE.
Analysis of adenoviruses
Adenoviruses were analysed from DNA extracted from water samples with adenovirus specific qPCR ( 
Physicochemical analysis
The temperature of bathing water samples was measured at the time of sampling. Turbidity was measured in the laboratory with Turb 555IR (WTW).
Statistical analysis
Microsoft 
RESULTS
Physicochemical results
Temperature and turbidity data for bathing sites are shown in Table 1 over 100 CFU/l, with a median value of 1-10 CFU/l. In sewage effluent samples, the lowest semi-quantitative count was 100-1,000 CFU/l and the highest count was over 10,000 CFU/l, with median 100-1,000 CFU/l. C.
jejuni was the most common species found in both bathing waters and sewage effluent samples. Samples also contained C. coli, C. lari and unidentified Campylobacter spp. isolates.
Bathing water samples taken from three locations (locations 1, 13, 14) and sewage effluent samples taken from four locations (locations 1, 3, 8, 13) were found to be positive for Campylobacter spp. at every sampling time.
Bathing water samples taken from three locations (locations 6, 9, 10) and sewage effluent samples taken from three locations (locations 7, 10, 12) were found to be negative for Campylobacter spp. at every sampling time. 2, 3, 4, 5, 8, 9, 10, 12, 14, 16, 17) and sewage effluent samples taken from two locations (locations 3, 6) were negative for adenoviruses at every sampling time.
Sequencing of the amplified PCR fragments detected human adenoviruses serotypes 40 and 41 (Tables 1 and 3 ).
The adenovirus serotype 41 was detected in most (62%) of the positive samples. In locations 13, 14 and 15, the same serotype occurred in both years in the sewage effluents. In locations 13 and 15, the same serotype was detected in 2006 in both bathing water and sewage effluent.
Faecal indicator bacteria
There were variations in faecal indicator bacteria results between study locations (Tables 1 and 3 In our study, however, the most common species found in the bathing water and sewage effluent samples was C. In most of the bathing waters analysed, the concentrations of E. coli and intestinal enterococci were low.
However, there were some locations where the concentrations were high indicating that hygienic quality of the bathing water on those sites was poor. Despite the fact that high concentrations of indicator bacteria were associated with the occurrence of the pathogens analysed, thermotolerant Campylobacter species and adenoviruses were also found in some of the sites where the concentrations of indicator bacteria were low. The evaluation of the results is hindered because there were very few adenovirus-positive samples.
However, the non-significant relationship between indicator bacteria and faecal pathogens seems to be a typical finding (Savichtcheva & Okabe ).
As mentioned earlier, conditions in water are important in survival of microbes, for example, temperature for Campylobacter survival (Thomas et al. ) . Although, water temperature and turbidity were different depending on the type of beach, there was no consistent relation between the type of beach (lake, river, sea) and presence of studied microbes.
CONCLUSIONS
The present study provides further evidence for the fact that 
